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[57] ABSTRACT 

A sputtering chamber structure is used to effect a high- 
frequency bias sputtering process and includes target 
and semiconductor electrodes, a metal protection plate 
fonned to surround said target and having a first open- 
ing facing the front surface of the target, and a vacuum 
chamber for receiving the electrodes and the protection 
plate in a reduced-pressure condition during the highr 
frequency bias sputtering process. In the sputtering 
chamber structure, the protection plate further has a 
second opening which is formed separately from the 
first opening to decentralize target power in the inner 
space defined by the protection plate when the high-fre- 
quency bias sputtering process is effected such that the 
first opening is closed by the substrate electrode. 

8 Oaims, 4 Drawing Sheets 
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SPUTTERING CHAMBER STRUCTURE FOR 
HIGH-FREQUENCY BIAS SPUTTERING 
PROCESS 

3 

BACKGROUND OF INVENTION 

1. Field of the Invention 

This invention relates to a semiconductor device 
manufacturing apparatus for forming an insulation film 
on a semiconductor substrate, and more particularly to 
a sputtering chamber istructure in which a high-fre- 
quency bias sputtering process is effected to form the 
insulation film. 

2. Description of the Related Art 

In a multi-layered wiring process for a semiconductor 
device, an interlayer insulation film is formed by using a 
single wafer type high-frequency bias sputtering device, 
for example. The high-frequency sputtering device is 
used to effect sputtering onto a semiconductor wafer 
substrate includdng a plxirality of partially fabricated 
semiconductor devices so as to form a relatively thick 
single insulation film as interlayer insulation films of the 
semiconductor devices. The sputtering process is ef* 
fected by bombarding particles such as Ax+ions onto a 
target material and depositing resulting particles emit- ^ 
ted from the target material on a semiconductor wafer 
substrate placed on the opposite side thereof. In the 
process, Ar+ions also bombard the semiconductor sub- 
strate so that the substrate can have a smooth surface. In 
recent bias sputtering devices, a permanent magnet or 30 
electromagnet is provided on the rear side of the target 
plate and the distance between the semiconductor wafer 
substrate and the target plate is reduced to several tens 
of mm so that the film formation speed can be enhanced. 

FIG. 1 is a cross sectional view showing the sputter- 3S 
ing chamber structure of the conventional single wafer 
type high-frequency bias sputtering device dedicated to 
the formation of an insulation film. The sputtering de- 
vice has target electrode 13 to which target 14 is at- 
tached. Semiconductor wafer substrate 18 is first placed 40 
at a position opposite target 14 in the sputtering cham- 
ber SR, placed on substrate electrode 17 and then piv- 
oted as shown by an arrow in FIG. 1. As a result, when 
substrate electrode 17 is disposed to face target 14, the 
surfaces of the substrate electrode and the target are 45 
parallel to each other. After this, a first high-frequency 
power is ^plied between target electrode 13 and cham- 
ber wall Hi and a second high-frequency power is ap- 
plied between substrate electrode 17 and chamber wall 
11. 50 

In the sputtering device, metal protection plate 16 is 
formed along the outer peripheral portion of target 14 
in order to block those sputtered particles which are not 
deposited on semiconductor wafer substrate 18. How- 
ever, metal protection plate 1 cannot block all of such 55 
particles, and it is impossible to prevent sputtered parti- 
cles from being deposited on the chamber wall 11 of 
sputtering chamber SR. 

FIG. 2 shows an example of an empirically modified 
metal protection plate 21 of the sputtering device 60 
shown in FIG. 1. In this case, target 14 is surrounded by 
metal protection plate 21 having an opening in a portion 
facing target 14. The opening is substantially closed by 
means of substrate electrode 17 when semiconductor 
wafer substrate 18 is disposed facing target 14. 65 

However, when metal protection plate 21 is used to 
prevent the sputtered particles from being deposited on 
chamber wall 11 of sputtering chamber SR, plasma (for 
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example, of Ar ions) will be concentrated in the gap 22 
between electrode 17 and metal protection plate 21. As 
a result, the sputter-etching rate in a partial area of 
semiconductor wafer substrate 18 at which plasma den- 
sity is high is increased. For this reason, an insulation 
film formed on semiconductor wafer substrate 18 tends 
to have nonuniform thickness. 

In the case where a S-inch substrate 18 is used and 
disposed at a distance of 60 mm from target 14 and at a 
distance of 5 nam from metal protection plate 21 having 
an opening of 140 mm diameter, an insulation film was 
formed on substrate 18 by effecting the sputtering pro- 
cess under the following conditions: Ar partial pressure 
was at 0.30 pa, Ar flow rate was 30 SCCM, the target 
power was 3.0 kW, the substrate power was 0.5 kW, 
and a permanent magnet for generating a magnetic field 
having a field component parallel to and near the sur- 
face of cathode plate 13 was used. Curve b in FIG. 3 
shows the results of measuring the film formation 
speeds for each of the portions of semiconductor wafer 
substrates 18 which were spaced from the peripheral 
edge by more than 5 mm and are in a single line extend- 
mg across the center of substrate 18. In this case, the 
film formation speed was 80 nm/min, and the unifor- 
mity of the speed of sputtering for the substrate varied 
within a range of ±40% as shown by curve b in FIG. 3. 
Further, in the case where metal protection plate 21 was 
not provided, the film formation speed and the unifor- 
mity of sputtering speed were 95 nm/min and ±5% as 
shown by curve a in FIG, 3. Thus, in this case, good 
uniformity was obtained. Twenty five semiconductor 
substrates 18 were each subjected to the film formation 
process for 10 minutes under the same conditions as 
described before but without using protection plate 21. 
Then, another substrate 18 was horizontally positioned 
in a reduced-pressure Ar atmosphere before effecting 
the film formation process. A particle check was ef- 
fected before and after film formation by sputtering. As 
shown by point d in FIG. 4, approx. 8000 particles of 0.3 
jLim or more in diameter were deposited on the last 
substrate 18 as dust The number is relatively large 
when considering that only 60 particles were present 
before the film formation was effected. This is mainly 
beca.use the sputtered film formed on chamber wall 11 is 
removed by temperature variation. If such a large num- 
ber of particles are deposited on substrate 18, the parti- 
cles will be included in a film formed in a succeeding 
sputtering process. Therefore, a decrease in the break- 
down voltage, an increase in the film leakage current, 
and short circuit(s) in the upper wiring layers may be 
caused and the reliability w^ be lowered. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a sputtering 
chamber structure which can prevent sputtered parti- 
cles from being dispersed to various locations other 
than a substrate without affecting uniformity in the 
thickness of a film formed by the high-frequency bias 
sputtering process. 

This object can be attained by a sputtering chamber 
structure comprising: 

first and second electrodes to which the target and 
semiconductor substrate are attached, respectively; 

a protection plate formed to surround Uie target and 
having a first opening facing the front surface of the 
target and a second opening which is formed separately 
from the first opening defined by the protection plate 
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when the high-frequency bias sputtering process is ef- 
fected with the first opening section closed by the sec- 
ond electrode; and 

a vacuum chamber for receiving the first and second 
electrodes and the protection plate in a reduced-pres- 5 
sure condition during the high-frequency bias sputter- 
ing process. 

According to the above sputtering device^ plasma 
can pass out via the second opening. Since the second 
op>ening is formed separately from the first opening, 10 
plasma will not be concentrated at or near the edge 
portion of the semiconductor wafer substrate. Further, 
sputtered particles can be prevented from falling from 
the top wall of the chamber onto the semiconductor 
wafer substrate by forming the second opening in a 15 
suitable position, for example, in a lower portion of the 
protection plate below the target. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view showing the sputter- 20 
ing chamber structure of a conventional single wafer 
type high-frequency bias sputtering device; 

FIG. 2 shows an example of a sputtering chamber 
structure in which a metal protection plate of the sput- 
tering device shown in FIG. 1 is empirically modified; 25 

FIG. 3 shows film formation speed characteristics in 
the conventional sputtering device; 

FIG. 4 shows variation in the number of sputtered 
particles deposited on the semiconductor wafer sub- 
strate in the reduced-pressure Ar atmosphere; 30 

FIG. 5 is the sputtering chamber structure of a single 
wafer type high-frequency bias sputtering device ac- 
cording to one embodunent of this invention; and 

FIGS. 6 to 8 are modifications of the sputtering 
chamber structure of FIG. 5 in which the protection 35 
plate is modified. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

There will now be described an embodiment of the 40 
sputtering chamber structure of a high-frequency bias 
sputtering device according to one embodiment of this 
invention with reference to FIG. 5. In FIG. 5, portions 
which are the same as those of the conventional sputter- 
ing device are denoted by the same reference numerals. 45 
The sputtering device includes chamber wall 11, target 
flange 12 and backing plate or target electrode 13, and 
the space defined by these elements is denoted as sput- 
tering chamber SR. Target 14 is mounted on backing 
plate 13 and kept substantially vertical. Tar get ground 50 
shield IS is mounted alon^ the periphery nf tarpr^^ Id 
The sputtering device further includes recess 20 formed 
in the bottom portion of chamber SR, O-ring 19 pro- 
vided between chamber 11 and flange 12 and domed 
metal protection plate 32 removably attached to target 55 
ground shield 15. A vacuum pump (not shown) is com- 
municated with recess 20. O-ring 19 is used to maintflin 
the pressure in sputtering chamber 11 at a present de- 
gree of vacuum. Target 14 is surrounded substantially 
entirely by metal protection plate 32. Protection plate 60 
32 has an opening 31 formed to face target 14 and open- 
ing 33 formed below target 14 and separate from open- 
ing 31. Opening 31 is formed to have a diameter slightly 
larger than semiconductor wafer substrate 18, and 
opening 33 is formed to have a diameter smaller than 65 
that of opening 31. Opening 31 is closed by substrate 
electrode 17 on which semiconductor wafer substrate 
18 is held. Opening 33 is so formed that plasma can pass 
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out from the space defined between substrate 18 and 
target 14 via opening 33, thus decentralizing the target 
power. 

In order to prevent occurrence of a gap when open- 
ing 31 is closed by means of electrode 17 so as to dispose 
substrate 18 in parallel with target 14, stepped extension 
portions 34 are formed on electrode 17 to overlap the 
edge portion of protection plate 32. 

In the embodiment of FIG. 6, target power decentral- 
izing opening 33 j are formed in a meandering configura- 
tion so as to prevent sputtered particles from being 
scattered to the outer space SR via opening 33 1. That is, 
curved gaps are formed in the mounting portion of 
protection plate 32i. Plasma may be discharged via the 
gaps to the exterior, but sputtering particles which tend 
to move in straight line paths will be prevented from 
being discharged, via the gap to the chamber SR. 

In the embodiment of FIG. 7, protection plate 32: is 
mounted on chamber wall 11 and thus is in the form of 
a partition wall. 

In the embodiment of FIG. 8, protection plate 323 is 
mounted on chamber wall 11 and thus is also in the form 
of a partition wall. However, a plurality of target power 
decentralizing openings 333 are formed in plate 323 at 
different locations. 

The embodiments will now be described in more 
detail. A hi gh-frequency bias sputtering devi ce was 
used with domea proceciion piate 32 moimted on target 
ground shield 15 to form a film on substrate 18. Target 
14 and substrate 18 were disposed to face each other 
and inclined at an angle of 3' with respect to the vertical 
plane during film formation, the distance between tar- 
get 14 and substrate 18 was 60 mm, the target material 
was high purity quartz, the target diameter of substrate 
electrode 17 was 160 mm. The inner diameter of protec- 
tion plate 32 was 250 mm, the height was 60 mm, the 
diameter of the opening on the wafer substrate side was 
170 mm, and stepped extension portions 34 were formed 
on the periphery of substrate electrode 17 to cover the 
gap formed between protection plate 32 and substrate 
electrode 17 (FIG. 5). The dimensions of opening 33 
were 10 mmx 100 mm, and opening 33 was formed on 
the lower side of protection plate 32. Further, recess 20 
with a width of 60 mm was formed in the bottom por- 
tion of the sputtering chamber, and recess 20 was con- 
nected to a vacuum pump (not shown). 

The film formation process was conducted on 
twenty-five wafer substrates 18 of 5 inch diameters 
under conditions where Ar gas was introduced into the 
sputtering chamber after the pressure thereof was re- 
duced to I. Ox 10-^ pa and the Ar partial pressure was 
set at 0.30 pa, Ar flow rate was set at 30 SCCM, the 
target power was set at 3.0 kW, the substrate power was 
set at 0.5 kW (with the use of a permanent magnet), and 
the sputtering time was set at 10 minutes. 

The result is shown by curve c in FIG. 3. As is seen 
from FIG. 3, the uniformity of the film formation speed 
is considerably improved. Further, the number of parti- 
cles removed from the sputtering chamber and depos- 
ited on substrate 18 was checked before and after the 
film formation process. The result was good as shown 
by broken line e in FIG. 4. 

In order to prevent sputtered particles from target 18 
from reaching chamber wall 11, the target power de- 
centralizing opening of protection plate 32 may be 
formed in an overlapped form as shown by openings 
33i in FIG. 6. In this case, plasma may pass out via 
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openings 33 1, but substantially the same effect can be 
obtained. 

Further, in cases where the protection plate is formed 
in the form of a partition plate as shown by protection 
plate 322 and 323 in FIGS. 7 and 8, the same effect can 5 
be obtained. A plurality of target power decentralizing 
openings 333 are provided as shown in FIG. 8, but if 
they are provided approx. 40 mm apart from wafer 18, 
the distribution of the film formation speed in the sub- 
strate will not be lowered due to an increase in the 10 
speed of sputter-etching of local portions of the insiila- 
tion film on the substrate. 

In this invention, preferably values of 94 nm/min and 
±6% were obtained as the film formation speed and the 
unifonnity (Vmax-Vmin)/(Vmax+VminXVniax is the 15 
mflitiiTiiim deposition speed and Vmin is the tninimnm 
deposition speed) of the speed of sputtering onto the 
substrate. Thus, the characteristics were significantly 
improved in comparison with characteristics curve b in 
FIG. 3. Further, the number of particles which had a 20 
diameter larger than 0.3 )uim and were dropped onto 
substrate 18 by feeding substrate 18 in the reduced-pres- 
sure At atmosphere was checked before and after the 
film formation process. The number of particles was 
changed from 60 for each substrate (before the film 25 
formation process) to 214 for each substrate (after the 
film formation process). That is, the increase in the 
number of particles due to the film formation process 
can be significantly suppressed (FIG. 4). Further, in the 
embodiments of FIGS. 6 to 8, it was determined diat the 30 
same effect can be attained. 

In the case where a protection plate having no target 
power decentralizing opening is used and a film is 
formed on a substrate on which Al-Si wiring layers are 
formed, the target power decentralizing effect cannot 35 
be attained and the Al-Si wiring layer may be decom- 
posed or changed in quality by a temperature rise due to 
the concentration of plasma in the peripheral portion of 
the substrate, thiis deteriorating the quality of the semi- 
conductor device. For this reason, it is necessary to use 40 
opemng(s) 33 or the like. 

As described above, according to this invention, a 
second opening is formed in the protection plate and the 
peripheral portion of the protection plate defining the 
first opening is partly overlapped on the outer periph- 45 
eral portion of the substrate electrode so that plasma 
can be prevented from leaking out via the gap between 
the substrate electrode and the protection plate. There- 
fore, the sputtering speed can be made uniform, permit- 
ting an insulation fihn to be formed with a uniform 50 
thickness on the entire portion of the substrate. Further, 
since sputtered particles can be reliably blocked by 
means of the protection plate, they will not be deposited 
on the inner wall of the sputtering chamber. Thus, oc- 
currence of particles due to peel-off or separation of a 55 
film formed on the inner wall of the sputtering chamber 
can be prevented. The insulation film can be formed on 
any part inside the space defined by the protection 
plate, and the sputtered film thus formed can be pre- 
vented from being peeled off by adequately selecting 60 



the material of the protection plate surface and the 
electrode surface. For example, the electrode surface 
and the protection plate can be formed of quartz (Si02) 
for this purpose. Thus, particles can be sufficiently pre- 
vented from being deposited on the substrate and enter- 
ing into the sputtering film in the space defined by 
means of the protection plate. 

Further, since the protection plate can be replaced, 
maintenance thereof can be easily effected in compari- 
son with cleaning the inner wall of the sputtering cham- 
ber. 

What is claimed is: 

1. A sputtering chamber structure adapted to perform 
a high-frequency bias sputtering process for forming an 
insulation film on a semiconductor substrate by deposit- 
ing thereon particles emitted from a target formed of 
insulative material, comprising: 

first and second facing electrodes to which the target 
and semiconductor substrate are adapted to be 
attached, respectively; 

a protection plate formed to surround said target and 
having a first opening facing the front surface of 
said target and at least one second opening formed 
separately from said first opening to decentralize 
target power in the inner space defined by said 
protection plate when said high-frequency bias 
sputtering process is effected, said first opening 
being closed off by said second electrode; and 

a vacuum chamber for receiving said first and second 
electrodes and said protection plate and adapted to 
be in a reduced-pressure condition during said 
high-frequency bias sputtering process. 

2. A sputtering chamber structure according to claim 

1, wherein said second electrode has stepped peripheral 
portions which overlap the edge portions of said protec- 
tion plate which define said first opening. 

3. A sputtering chamber structure according to claim 

2, wherein said at least one second opening includes a 
curved gap for discharging plasma from said inner 
space and blocking the particles emitted from said tar- 
get. 

4. A sputtering chamber structure according to claim 
2, wherein said at least one second opening is fonned at 
a position below said target. 

5. A sputtering chamber structure according to claim 
1, wherein said at least one second opening comprises a 
plurality of openings. 

6. A sputtering chamber structure according to claim 
1, wherein said at least one second opening comprises a 
plurality of openings. 

7. A sputtering chamber structure according to claim 
1, wherein said at least one second opening includes a 
curved gap for discharging plasma from said inner 
space and blocking the particles emitted from said tar- 
get. 

8. A sputtering chamber structure according to claim 
1, wherein said at least one second opening is formed at 
a position below said target. 

***** 
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